Objective: To investigate diastolic and systolic left ventricular recovery during titration with metoprolol CR/XL (controlled release/extended release). Design: Placebo run in, followed by an open study. Setting: University hospital. Patients: 14 patients with chronic heart failure. Interventions: Metoprolol CR/XL titrated from 12.5 mg once daily to 200 mg once daily. Main outcome measures: M mode recordings of atrioventricular (AV) plane displacement, Doppler measurement of transmitral flow and pulmonary venous flow, two dimensional ejection fraction, and measurement of venous plasma concentration of noradrenaline. Patients were investigated after 2, 4, 6, and 24 weeks of treatment.
I
n terms of survival benefit and improvement in left ventricular systolic function, adrenergic β blockers have proved to be the most successful of all medical treatments for patients with congestive heart failure. 1 2 Although it is well known that a majority of patients experience improvement of symptoms and in ejection fraction within several months, early effects of β blockade are poorly documented. Acute administration of β blockers might cause adverse haemodynamic effects and sometimes precipitate heart failure. We have proposed that positive effects on myocardial metabolism and diastolic function are the prerequisite for future improvement in systolic ventricular function. 3 4 The acute effects of β blockade have been reported in a few studies, whereas most clinical trials have reported the effect of treatment for three months or longer. 5 In one study the effect on ejection fraction after 24 hour metoprolol treatment was reported. 6 However, the mode of action regarding systolic and diastolic events during the first weeks and months of treatment have not been studied with modern non-invasive techniques.
We recently reported that the left ventricular longitudinal contraction pattern recovered early after three months of treatment with metoprolol in a substudy of the metoprolol in dilated cardiomyopathy (MDC) trial. 7 It was also shown that this early recovery was strongly associated with future global recovery in left ventricular function. It was suggested that subendocardial effects of β blockade caused improvement in longitudinal myocardial fibres that enhanced the movements of the atrioventricular (AV) plane.
We studied diastolic and systolic longitudinal as well as global ventricular function during the early titration phase of metoprolol CR/XL (controlled release/extended release). The aim was to investigate the time course of diastolic and systolic recovery during the early phase of treatment.
PATIENTS AND METHODS

Patients
Patients with stable congestive heart failure in New York Heart Association (NYHA) functional class II-IV were eligible for the study. The entry criteria were adopted from the survival study MERIT-HF (metoprolol CR/XL randomised intervention trial in congestive heart failure) that was conducted simultaneously with the present study. 2 Seventeen patients fulfilled the study criteria and were enrolled and 14 patients completed the study (nine men). Patient mean (SD) age was 59 (9.3) years. At inclusion the ejection fraction was 33 (7.5)%. Eight patients had ischaemic heart disease and six had idiopathic dilated cardiomyopathy. Eight patients were in NYHA functional class II, five were in class III, and one was in class IV. Twelve patients were being treated with angiotensin converting enzyme inhibitors or with angiotensin receptor antagonists, 10 were on loop diuretics, and six were treated with digoxin. Duration of heart failure symptoms was 18 (22) months (range 1-66 months).
Study protocol
Metoprolol CR/XL was titrated in the following steps: 12.5 mg once daily, 25 mg once daily, 50 mg once daily, 100 mg once daily, and 200 mg once daily, with increments in each dose after two weeks of treatment. Echocardiography was performed on the last day of each period, for the first three doses (12.5 mg, 25 mg, and 50 mg). Echocardiography was repeated after 24 weeks of treatment (200 mg). All echocardiographic examinations were performed during the expected maximum plasma concentration of metoprolol CR/XL, four hours after intake of the morning dose.
Echocardiography
Two dimensional echocardiography was performed with the patient in the left lateral position and recordings were obtained during relaxed end expiratory apnoea. Longitudinal contractions were registered by directing the M mode beam from the apex to the fibrous tissue of the AV plane at the angle of the left ventricular wall and the insertion of the mitral valve apparatus as previously described. 7 The ultrasound beam was adjusted to obtain a continuous echo without interfering echoes from the mitral valve. Four recordings of the AV plane were obtained, in the standard apical four chamber view (septal and left lateral portions of the AV plane) and in the two chamber view (anterior and posterior portions). All data were registered with magnification of the structures (using the zoom function). The AV plane movements were recorded on video tape and on strip charts at 50-100 mm/s. Using zoom, the movements of the pericardial contour of left ventricular apex in relation to the thoracic wall were registered. Diastolic mitral flow was recorded by pulsed wave Doppler with the sampling volume between the tips of the mitral valve in the four chamber view. Pulmonary venous flow was recorded with the sampling volume inside the medial pulmonary vein. An ECG signal and a phonocardiogram was recorded on all echocardiographic tracings for timing of cardiac events.
Measurements
M mode tracings were evaluated and calculated off line on a digitiser. Data were acquired by a software program (CAS Cardiac Analysis Software, Sahlgrenska University Hospital, Göteborg, Sweden), which we developed. The program generated calculations of velocities, maximal speed of contraction and relaxation, and time intervals.
Six points in the curve of the AV plane were identified: (1) the start of systolic contraction; (2) end of systolic contraction; (3) start of rapid filling; (4) end of rapid filling; (5) start of atrial contraction; and (6) end of atrial contraction (fig 1) . The systolic AV plane amplitude was calculated as the difference between points 1 and 2. The diastasis period was measured as the time from point 4 to point 5. In cases of tachycardia, the diastasis is abolished and there is a continuous downslope from point 3 to point 6. In these cases the software extrapolated a midpoint between points 3 and 6, which was substituted for point 4. In our present study, only one patient had such a short filling time at baseline. All patients had a point 4 at the follow up at 24 weeks. The systolic fractional shortening of the AV plane (AVP-FS) was calculated as the total systolic amplitude divided by the length of the long axis from the epicardial contour of the ventricular apex to point 5 (end of diastasis) in the AV plane curve, expressing the total systolic amplitude normalised for the end diastolic length of the left ventricular long axis. The performance of the AV plane was calculated as the average of at least three beats. Where not stated otherwise, all results are reported as the average performance of the septal, lateral, anterior, and posterior AV plane recordings. The average of the diastolic and systolic distances from the transducer to the apical contour were used in the formula for AVP-FS calculation. Normal values in our laboratory have been presented previously. 7 Left ventricular volumes and ejection fraction were determined from biplane recordings (four chamber and two chamber views) using Simpson's rule. Mitral flow data were analysed from strip charts at 100 mm/s and recordings were digitised. 8 Pulmonary venous flow registrations were analysed from strip charts at 100 mm/s and the recordings were digitised. Data on the amplitude and velocity time integral of the S and D wave were generated as well as ratios and time intervals.
Determination of plasma catecholamines
An intravenous cannula was inserted and the patients were allowed to rest for 30 minutes in a quiet room before their blood was sampled. Blood samples were collected in ice cold tubes containing EDTA and reduced glutathione (Amersham, Little Chalfont, UK) and were immediately centrifuged at 1500 g for 10 minutes at 4°C. The plasma was moved to a new plastic tube and was frozen at −70°C. Plasma catecholamines were purified and concentrated by extraction with acid washed aluminium oxide. Four concentrations between 0.01-1 ng/ml of external standard solutions in 0.1 M perchloric acid were used for calibration. Plasma catecholamines, including noradrenaline, were determined by means of high performance liquid chromatography with electrochemical detection.
Statistical analysis
A repeated measurement analysis of variance on ranks was used to evaluate differences over time, followed by comparison of changes in relation to baseline data (Dunnett's method). The investigation at run in (two weeks before active treatment) was also incorporated into the analysis of variance. To compare changes in different variables, incremental changes (percentages) were evaluated. A probability value of p < 0.05 was considered significant.
The study was approved by the ethics committee of the medical faculty, Göteborg University. Participating patients gave informed consent before inclusion in the study.
RESULTS
During the study one patient developed atrial fibrillation. One patient developed severe diabetes mellitus and died suddenly in the hospital after three weeks of treatment. One patient was withdrawn from the study before entering active treatment because of non-compliance. These three patients were not included in the present report. There were no significant changes in the measured variables between the run in investigation and the baseline investigation after two weeks of placebo treatment.
Global ventricular function
There were gradual improvements in global ejection fraction and left ventricular volumes, with changes observed already after four weeks of active treatment (table 1) . The magnitude of change in ejection fraction was proportional to the change in Q 1 -Q 2 interval and was similar to the decreases in end diastolic and end systolic volumes.
Longitudinal contraction pattern
The AVP-FS displayed an increase that was comparable with the increase in global ejection fraction and that in Q 1 -Q 2 interval. Small, but non-significant, changes were observed in systolic and early diastolic filling amplitudes already on the first dose of metoprolol (table 2) . The absolute values of AVP-FS were significantly increased after six weeks of treatment. The rapid filling amplitude increased to an extent similar to that of AVP-FS (fig 2) . The most obvious changes in recorded data were the prolongation of filling times in the AV plane recordings. Whereas the Q 1 -Q 2 interval increased by 22% after six months, the early rapid filling time increased by 54% and the diastasis by 76% (fig 3) . These diastolic filling events were significantly altered already after the initial dose of 12.5 mg metoprolol. The atrial wave duration increased by 18%. The changes in AV plane at the septal, lateral, anterior, and posterior registrations were comparable, although the changes in the lateral position were significantly greater during all follow up examinations. As an example, at the lateral 
Mitral flow and pulmonary venous flow
The majority of patients had signs of disturbed diastolic filling at baseline with an E:A ratio below 1.0 (table 3) . None of the patients had a pseudonormal pattern (E:A ratio > 2 or > 1 with subnormal E wave deceleration time). During metoprolol treatment the E:A ratio increased gradually from 0.86 (0.39) to 1.15 (0.78), and the alterations were significant after four weeks of treatment. Pulmonary venous flow was not significantly altered during the study, although there was a tendency to an increase in the S:D ratio that was comparable with the increase in Q 1 -Q 2 interval. 
Peripheral noradrenaline concentration
DISCUSSION
This is the first study to provide detailed information about systolic and diastolic events during the first weeks of β blocker titration in heart failure. Prominent diastolic effects were observed already with the first dose of metoprolol, whereas systolic improvements were seen later.
Diastolic effects by β blockade A common misinterpretation of β blocking effects during heart failure treatment is that all effects are mediated through slowing of the heart rate and prolongation of diastole. The reduction of heart rate is probably an important positive consequence during β blocker treatment. However, we and others have shown that there are other important effects, including metabolic actions promoting a more efficacious consumption of carbohydrates with less energy expenditure 3 4 9 and an enhancement of myocardial high energy content. 10 We have also shown that improvements in early filling, as expressed by a less restrictive filling pattern in the mitral Doppler flow, were induced by β blockade and not fully paralleled by slowing of the heart rate. 8 Further, if the heart rate was increased by atrial pacing after a period of chronic treatment with β blockers, an improvement in systolic function was maintained, implying that restoration of myocardial function enables the heart to work more efficiently even at higher heart rates. 11 Other interesting effects might be that β blockade attenuates apoptosis and inflammation. [12] [13] [14] Digoxin and calcium channel blockers with heart rate reducing effects do not appear to share these positive effects of β blockers and have not been found to increase survival expectancy in patients with heart failure.
The effects on heart rate were observed already with the first dose of metoprolol, 12.5 mg given once daily. However, all diastolic time intervals were not prolonged homogeneously. Whereas the magnitude of prolongation of the Q 1 -Q 2 interval and of the atrial contraction period was similar, the most prominent effects were observed in the prolongation of the rapid filling time and the diastasis period. These first two diastolic periods were increased more than the Q 1 -Q 2 interval in terms of percentage. It may be argued that the diastasis does not contribute to left ventricular filling. However, myocardial metabolic events-as described above-as well as myocardial perfusion can take place during this diastolic phase and thereby be important for myocardial recovery. Measurement of the longitudinal contraction pattern has not been used extensively, although some studies have reported on diastolic events. [15] [16] [17] [18] [19] The detailed analysis that we used in our study has not been reported by others and it enabled us to observe diastolic events already after two weeks of treatment. Changes in conventional recordings, such as Doppler and global two dimensional left ventricular volumes, were seen several weeks later. We have recently published results showing that AV plane effects during the first months of β blocker treatment could predict later recovery of global ventricular function. 7 It is therefore suggested that the importance of left ventricular longitudinal motions might be underestimated. 20 It is also intriguing to compare the short term effects of intravenous milrinone in a study by Brecker and colleagues 21 with the chronic effects of metoprolol in our study. Similar effects were seen with respect to increases in AV amplitudes and increases in the early diastolic filling parameters with no effects on atrial filling characteristics. This would imply that intrinsic myocardial contractility is improved by β blockade treatment.
Transmitral pulsed wave Doppler is the conventional method of studying diastolic function. We found signs of less compromised diastolic function with an increase in E:A ratio during treatment. A shift of diastolic filling from late to early diastole was also in accordance with the findings in the AV plane pattern with increase in early filling amplitude but not in the atrial wave amplitude. It might be of interest to compare our present results with a previous substudy from the MDC trial, in which the patients on average were sicker than in this study. 8 Whereas none of our patients had a restrictive filling pattern, many patients in the previous report had a pseudonormal filling pattern. In patients with a restrictive filling pattern metoprolol caused a decrease in E:A ratio. Thus, it is intriguing that β blocker treatment improves diastolic filling at both ends of the spectrum, promoting normalisation of the filling pattern. Pulmonary venous flow registration is technically more difficult than AV plane recording, which may explain why we could not observe significant changes. In one of the early β blocker studies it was found that the rapid filling wave in the apex cardiogram was reduced after only one month of treatment. 22 The apex cardiogram is probably influenced by the AV plane and longitudinal movements of the heart. A less prominent rapid filling wave in the apex cardiogram would represent less restrictive left ventricular filling. Also, it is likely that the balance between diastolic and systolic recovery differs depending on the severity of left ventricular dysfunction. The patients in this report had higher ejection fractions than those in the MERIT-HF study and in the MDC study.
Negative inotropic effects and catecholamines
In the present study, echocardiography was performed during the peak plasma concentration of metoprolol CR/XL. This is in contrast to most previous studies reporting β blockade effects where investigations were done during plasma trough concentration. Kukin and colleagues 23 showed that each dose of β blocker induced a negative inotropic effect. Investigations during plasma peak and trough could therefore produce very different results. Our study is the first to present serial data in patients on peak concentrations of β blockers. This could explain why we found such prominent early diastolic effects. It is possible that the negative inotropic action of the drug causes a short term reflex increase in peripheral noradrenaline, obscuring any decrease in concentration over time. We did not observe any decrease in noradrenaline concentration in this study. However, we have preliminary data showing that nerve fibre recordings and evaluation of myocardial noradrenaline kinetics were capable of detecting a reduction in sympathetic activity during long term treatment with metoprolol. 24 β Blockers with intrinsic activity and a less negative inotropic effect have shown poor results and are useless in the treatment of heart failure. 25 26 On the other hand, there were small but non-significant positive findings in global left ventricular function already with the first dose of metoprolol, including a reduction in end systolic volumes in particular. This is in contrast with other investigations showing improvement after 3-6 months of treatment. 6 8 However, besides differences in methods and in the timing of investigations, we here report on a period not previously studied. Improvement in systolic performance might be detected early, after one to two weeks of treatment.
Limitations of the study
This was an open study. A lot of previous studies have now been published, all showing consistent positive findings regarding cardiac function during β blocker treatment. We therefore considered it unethical to perform another placebo controlled study with the aim of studying left ventricular function. Patients with a short history of heart failure sometimes have a greater tendency towards spontaneous improvement. Six patients had a history of heart failure not exceeding six months and these patients had an increase in AVP-FS of 2.1 units on average during the study, in comparison with 1.5 units for patients with a longer duration. However, the first two weeks of placebo treatment enabled us to ensure that the patients were in a stable condition and there were no significant differences in recorded data during the placebo period.
Conclusion
In this study of the early effects on left ventricular function during metoprolol titration, it was clearly shown that the first recorded events occurred in the longitudinal contraction pattern. The changes in diastolic filling were more prominent than changes in heart rate. Even though investigations were performed during peak plasma concentration of β blockade, there were also trends towards improvement in systolic function on the first titration dose. Recordings of left ventricular longitudinal contraction are sensitive to β blocking effects and changes in performance precede those in Doppler indices and left ventricular global function. . This finding suggested that arteries were running from the coronary artery to feed the tumour, most likely an angiosarcoma. Thus, the patient was hospitalised immediately. Pericardial fluid containing blood was collected by pericardiocentesis but was cytologically negative for malignant cells. Enhanced computed tomography (CT) scan revealed a tumour measuring 14 × 10 cm of inhomogeneous density compressing the left ventricle. Gated cardiac magnetic resonance imaging showed an extensive mass of heterogeneous signal intensity in the pericardial space (lower left panel). A coronary angiogram revealed a massive supply artery from the left coronary artery to the tumour with contrast retention (lower right panel).
Histological examination of the open chest biopsy samples showed multiple anastomosing vascular channels lined with malignant endothelial cells, comparable with angiosarcoma. Surgical resection and irradiation were not applicable. Chemotherapy with adriamycin, cyclophosphamide, and dacarbazine was prescribed, but the patient died 12 months after the initiation of the treatment.
Angiosarcoma are usually diagnosed postmortem. Both clinical course and physical examination are non-specific. If time and cost do not matter, enhanced CT or magnetic resonance imaging could offer more precise and detailed information than echocardiography. However, non-invasive, prompt, and less expensive imaging techniques are required on a daily outpatient basis. Doppler flow velocity imaging seems to be useful for the earlier diagnosis of cardiac angiosarcoma.
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